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INTRODUCTION

BACKGROUXD

1. The Airwvorthiress and Flight Characteristics (A&FC) test of
the production UH-504, was coxmpleted in September 1981 by the US
Aroy Aviation Engineering Flight Activity (USAAEFA). Testing
during the ALFC ranged froa pripary nission gross weight of
16,260 pounds (1b) o the maxicun zlternate gross w2ight of
20,250 1b- Since the cozpletion of the A&FC, a nmission has devel-
oped regquiring additional testing uvp to 22,000 Ib and at =z center
of gravity {cg) outside the current envelope limits. S’ korsky
Aircraft (SA) Division of United Technologies concducted struc-
turzl, dynacics, flying qualities and height—-velocity testing at
the expanded gross weight and cg conditicns. To evaluate the
e _fects of the SA proposed envelope, additional nandling gualities
and perforzance testing was rteguired. In October 1981, USAAEFA
was tasked by the US Army Aviation Research and Developzent
Cozmand (ref 1, app A) to pizn, conduct, and report on the handl-
iag qualities and perforcance of the UH-60A in the proposed
configurations. Due to the priorities of ocher UH-60A programs,
this evaluation was not pegun until Juns 1983.
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TEST OBJECTIVES

2. The objectives of this evaluation were as follows:

2. To obtain suificient perforcaence dzta in the prososed
expanded cg =and gross weight envelope for inmclusion ia the
cperator’s oanual.
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b. To obtzin sufficient nandling qualities datz for inclusion
in the operator's z=amezl.

5 (

.
dnls

c- To ceteruine cocpliznce with the applicabie paragraphs of
the Prime 1tes Development Specification {PiIDS) (ref 2, app A)-
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DESCRIPTION

?

3. The test helicopter, UH-HUA US Army S/% 77-22716 is a first
vear production Black Hawz and is a zwin engine, single ~ain
retor helicopter with nomretractable wheel-type landing gear
capable of transporting cargo, il combat troops, awnd weapons
duriag day, night, visual =eterologiczl conditions, 2ad instru-
ment meterological comditions (I¥C). Prizmary zission gross weight
is 16,260 ib and the present maximum alternate gross weight is
2€,250 1b. The proposed maximun gross weight is increased to

-

22,000 1ib and the cg exrcnded aft as shown in figure i,
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appendix B. The UH-60A 1is powered by two General Electric
T700-CE-700 turboshaft engines ecach having an installed power
avallable (30 ainute 1inmit) of 1593 shaft horscepower (SitP) (power
terbine speed of 20,900 revolutions per ainute (rpz)) at sea
level, standard-day static conditions. Iinstalled duval-engine
power is transmission 1lizmited to 2828 SHP. The T700-GE-705
engine incorporates a history recorder, automatic turbine gas
teaperature linmiter, power turbine speed limiter, gas generator
speed linmiter, auto=atic torque——atching capability, and virious
diagnostic systess. The aircrzft also has an automatic flignt
collirol systen (AFCS) and a com=and instrucent systes. The test
aircraft incorporated prototype zirspeed end stabilator medifica-
tions developed duiing USAAEFA Project No. 82-0% (ref 3, app 2)
to i=prove the UH-60A airspeed systen. & core detailed description
of the UH-602 is included in appeadiz B a2ad additional descrip-
tions can be found in the operator's manual (ref %).

TEST SCOPE

4. Ali flight testing was conducted a2t Edwards Air Force Base,
California (2302 feat). A total of 38 f{flights ware conducted
between § June and 22 Kovember 1983 for a tozal of 60.0 fiight
hours of which 38.5 were productive. USAAEFA calibrateé and
maintained all the test instrucentation and perfoczed 211 reguired
naintenance oan the helicopter. Flight restrictions and operatiag
iizizations observed during the evaluation are coantained in the
operator's manual (ref 4, app A) and the zirworthiness release
(ref 3). Testing was conducted in accordance with the test plan
{vef &) a2t the coaditioms showa is tabdle 1.

TEST METAUDOLOGY

. A detailed listing of tae lest Lastrumesn{ati,sa is contained
n appendix C. Esteblished rflight test technigues and data
reduction procedures were used (refs 7 and 8, app A) ané are
descrited in appendix D- level flight perfcrmance results irom
HSAAEFA Project No. 83-24 (ref 9) were used to augmeny test data.
A Handlixg Qualities Rating Scale {HGRS) (fig- i, app D) was
usei to augmeat pilet comzents relatliz e aircraft handling
quaiities. The flight test data were obtained from test instru-
mentation Jispiaved on the iastrument panel aad recorded by
onbozté uagmnetic tape tTecovdiag eguigzent-. Real tice teleoelry
mwonitoriag ~f salecrted data parameters was used during certain
tests.
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Table 1. Test Conditionsl

§ Average .
Longitudinal Average !
Average Center of Deasity N
Gross Weight Gravity Altitude Triz Alrspeed :
Trpe (1v) (S) (i1) (xzots) |
- ) 14,470 to 21,590 7.1 6610 to 13,840 51 to 1603 |
Letel Flight 18,750 to 21,620 350.1 9430 to 11,420 52 zo 1583 i
Perforzance? 16,500 366.7 6799 o 13,210 50 to 1643 !
21,300 347.1 4500 to 9500 75, 99, 117, 1403 |
. |
Cozzrol Posfitioas 15,920 and 21,660 357.2 8520 and 11,500 35 o 135‘:‘ f
in Tricsed 21,260 360.1 £60 45 g0 110% i
g Sorward Flight 15,480 354.9 10,220 45 o 139% f
i !
Static Lozgitudinal 21,730 350.5 6000 77 and 109° :
Stability 16,660 385.1 6500 80 and 155° ¢
Static Lateral- 21,760 3603 6060 €0 aad 121% !
Directional Stabilirs 16,800 365.7 6500 80 and 141% X
L1
]
Mazeuvericg 21,100 350.4 €500 77 and 107 ;
Seabiifzy E 16,650 365-3 6900 77 aaa 1513 ;
i
} i
| Dreaztc Stabilics 16,600 353.8 2100 acd 6300 0, S0, 32 X
? aad Contrcilabilicy 21,600 350.3 6000 77 and :10% :
i £
! | o
i Low Speed Flight 15,960 353.6 2100 ! 0 to 353 :
i ! B
§ Systexz Failures % 16,250 85,5 6700 ) 75 and 182%
¥
v 1 i "
! 16,200 3%7.1 13,860 ' 55 7o 125°
; ! 16,560 355.5 ! 13,220 i 4% 20 1a9°
Vibratioas | 21,380 35%37.1 ! 6520 P35 ro 1208
X ; 21,330 3502 f 9380 . St
f i

NOTES:

iTeszs conducted ia the aorsal ctility coafiguratior, approxizate =id lateral ceazer of gravits,

aztozatic flight control syste= ON, and 100 perceat =z2in rotor speed. The pitch blas actrator
* was locked 228 ceatered for handling gralities conducted at heavy weight.

27ests condccred at a referred rotor speed of 258 rpc.

JXoots trme airspeed.

<Inots calibrated alrspeed.

DT,

e

()

‘.-“w N1

ol
AN,
w“wl

),
ot o) 5, v,
L

I

7
.
¥

VAT T TR AL G L RR TR L L . & o 1% T e w4l T e e T e e = e o P
A .. L D D G R R A I AL

T
el

&
%
b



- = e

RESULTS AND DISCUSSION

GENERAL

6. Tests were conducted oa the UH-60A helicopter to evaluate
perfornance and handling qualities at the limits of the expanded
gross weight aad cg eavelope. Equivaleat flat plate area (F,) was
pinimun with the cg at a fuselage station (FS) of approximately
360 and iacreased at FS 347 aad 366. One deficieacy, three
shortcomiags, and three PIDS noncompliances were ideatified. Oane
shortconing, aeutral stick-fixed static longitudinal stability
ia iatercediate rated power (IRP) climb, was associated with
eavelope expansioan. Except for the shortcomiag pertaiaing to
aeutral static loagitudinal stability, tne haadliag qualities
were esseantially uachanged from those previousiy reportea. The
4-per-rotor-revolution (4/rev) vibratioan characteristics, pre-
viously ideatified as a shortcomiag, generally were uaaffected
by iacreasing gross weight btut were aggravated by wmoviag the
longitudiaal cg further aft.

LEVEL FLIGHT PERFORMANCE

)

. Level flight performance tests were coaducted st the coadi-
tions in trhle 1 to determine power required for 2irspeeds,
altitudes aad gross weights at the iiaits of the expanded cog
eavelope. The data were obtained ian ball-centered flight aad
corrected fer estinmated drag of external test instrumentation
and iastrumeatation electrical ioad.

8. XNondimeasional test results are preseated ia figures !
through 3, appendix E. The curves on these figures sere obtaiaed
by coavertiag the aondizeasionzl test results of the sixzth year
producticn aircraft preseated in USAASFA Report Yo. 8§3-25 (ref 9,
app A} t©o the first year prsaductioa ajirzrzft urilized darigg
this evaluation. Change ia F, (3F,) of five square feet {(ft*)
was subtracted. This value of £F, was pravicus!y determined to
be valid at the referred rtetor speed (Xp/vE) used in these
tests. This differeace is suz=zarized as:

ist ¥r prod A/C = 6th vear prod A/C - E3SS {ziriags (2.5 fr-}
X¥-130 & ANSalQ-i&%(Y} brackers (1.5 ‘-2
2

- exteraal drag differeaces {1 ft+)

{
b

Dicersional level flight test results are preseated ia fi
through 15, appeadix E. Test data at an average cg of F
iczdicate a decrease ia pewer required when compared to T
disencional family of curves at an average cg «f FS 357.1
differeace ian power required equates to 2 3 of 2

substzatiates the test results preseated a0 USAAFE

dpe




No. 77-17 (ref 19, app A) for a similar chaage ia cg. The decrease
in &F _ of 2 £t~ allows reductioan in power required of 55 SHP
aad still maiatain cruise speed at 145 kacts true 2z rspeed (XTAS)
(fig. 10, app E). Test data at aa average cg of FS 366.7 indicate
ao change ia power required when compared to the anoadimeasional
curves at a FS of 347.1. Therefore, F, was minimal at a F§ of
approximately 360 and iacreased ar FS 347.1 aad 366.7. 1Iahereat
sideslip (figs. 16 and 17) represeats the resultaat angle of
sideslip associated with ball-ceatered Ilevei flight and was
developed using level flight performance data preseated ia this
report {figs. 18 aad 19) aad in USAAEFA Repcrt No. 83-24., The
inhereat sideslip family of curves was used as the basis for
correctioa ia determining ball-centered flight as described in
appendix D.

9. Tests were conducted duriag this evaluatioa and duriag USAAZSFA
Project No. 83-24 to ascertsin the relatioaship of &F, with
sideslip. The data are preseated ia figure 29, appeadix E. ©Drag
changes from zero sideslip are iadependeat of airspeed but vary
with Cy. The data iadicate that mianimum Fe occurs betweea 4.5
and 7 degrees left sideslip depeading on Cj. Coordinated ievel
flight, however, results in a maxicum left sideslip of approxi-

3

=ately 1 degree.

HANDLING QUALITIES

Coatrol Positioas in Trimmed Forward ¥Flight

1). Coatrcl positions ian trimmed bali-ceatered forward flight
were obtained ia coajunction with level fiight performance testiag
at the coaditioas in table l. Seiected results are preseated in
figures 21 aad 22, appeadix E.

11. The variation of loagitudisai coatrol position with 2irspeed
duriag trimmed level flight geaerally required iacreasiag forward
cyclic coantrol with iacreasing airspeed. At airspeeds below
6C kaots calibrated zirspeed {XCAS) the variation was neutral to
slizhtiy aegative (aft cyclic required with iacreasiag airspeed),
but not objectionable. Maximum loagitudinal trim variatioa was
aearly two iaches over the eatire airspeed raange. At both heavy
aad light gross weignt, maximum changes in loagitudiaal coatrol
positioan (1-1/2 iaches), iateral coatrol positioa (i/2 iach), aad
prich at :tude (4 degrees) were wmianimal for a large cg shift (13
te 18 inches). Coatrol positions (except cellective) were wmostiv
unaffected by chaages in gross weight. Directioaal and lateral
coatrol positioas were esseazially unaffected by chaages ia cg
aad gross weight. The gradient of directional coatrol position

s BTG o T P g - T st 0, e . . - - = o 0> B
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with airspeed was mnoderately steep from 40 to 80 KCAS (approxi-
mateiy 0.035 inches/knot). Above 80 KCAS the gradient was
shallow and maximum diractional trim variation was 1less than
1/4 inch. Adequate control margins existed in all control axes
in trimmed forward flight. Trim pitch attitude remaineé nearly
coastant fron 40 to 80 KCAS and then decreased linearly approxi-
mately 0.05 degree/knot above 8C KCAS. Pitch attitude chasges
with airspeed were unncticeable to the pilet. The control posi-
tions in forward flignt are satisfactory.

12. During the control position and level flight perfor=ance
evaluations, the yaw triz would randomly érive the right pedai
forward significaatiy iacreasing the pilot worklead to =aintain
tricsmed flight. This problez is rot unigue to this aircraft
{USA S/N 77-22716) but was noted on orher UH-6DA aircraft includ-
ing a sixth year production version (USA S/N 82-23748). During
I¥C this uncocmanded directional control input in trimmed flight
will require f£requent, large (approximately 1/2 inch) pedal
rnputs saking precise heading coatrol (33 degrees) unattzinable
(HQRS 7) ané is a deficiency which was previcusly reported {Pre—
lizirary Airworthiness Evaluation III, April 1979 (ref 11, app 4),
A&FC Septezber 1981 (ref 10); and External Stores Support Systien
ASFC, December 1983 (ref 12)).

Static Longitudinal Stability

13. Static lomgitudinal stzbilizy was evaluated at the conditions
shown in table i. The helicopter was stabiiized ir bzll-centered
flight at the desired triz airspeed aad flight condition. ¥ith
the collective control held fized and rotor speed =ainrained
constant, the helicopter was stabilized at iacremental airspeads
about trizm. Test tesults are presented in figures 23 through 26,
apperndix E.

Level and Descendiag Piight:

i4. Static longitwdinal stick-fizxed stability., as indicated by
the variation of 1losngitudinal cyciic control position with
airspeed, was positive {aft longitudinal comtroi displacement at
airspeeds slower than trim) except at 144 XCaAS in ievel flight at
light weightfaft cg. Thre gradieat of control dispiacezent versus
airspeed was steepest near the trim point and generaily becans
shallow or neulral at zivspeeds greater than 10 knots from= rris.
Qualitatively, the gpilot had adequate contrs}: force cues of
airspeed changes atout trim. The =aximua variation of lateral
cyciic and directional padal control position frox trim was
approxizmately 3/% inch, bui wzs not objectionadle to the pilot.
Pitch attitude renmained <esentially constant except in ievel

[1al




flight at light weignt/aft cg J{trim airspeed 144 KCAS) where the
pitch attitude decreased with Increasing airspeed. The pilot
was abla to> maintain airspeed within +2 knots with alnimal
effort (:iQRS 2). The static longitudinal stability at 144 KCAS
in level flight at lighr weight/aft cg failed to zeet che require-
cent of paragraph 10.3.3.1.3 of the PIDS. BHowever, the static
longitudinal stability ia level flight andéd 1000 foot per minute
{ipn) descents within 10 knots of trim is satisfactory.

Iantercediate Rated Power Cliob:

[ 44

15. Static longitudinal stability was neutral in IRP clicbs at
81 XCAS st light weightf/afz cg with thke pitch bias actuator (PBA)
operational (fig. 25). However, at heavy gross weight {21,480 id

- with the PBA ceatered and locked, the static longitudinal stick-
fixed stability was positive (fig. 26). Force cues were nininal
at both loadings. Due tc collective dias, stabilator progracmiag
was noticeably differeat between the two gross weights in that
at heavy weight/aft cg the stabilatar programmed about 10 deg
sore trailing edge (TE) dewn than a. light weight/aft cg as
airspeed was decreased below trim. Afrspeed was easier to main—
tain at heavy weight (HORS 3) than ac light weight. At lignt
weight {16,600 1d), airspeed was m=oderately difficuzit tc caiatain
(#5 knots) in that continuous lomgitudinal cyclic ceatrel inputs
’+’ /4 inch every 5 seconds) wera reguired (EQRS 4). The lack of
force and position cues with variatioa in airspeed zbout trim
will increase pilot workload in I¥C. The neutral stice-fixed
static longitudinal stability at light weight/af: cg in IRP ciimb
is a3 shortcozing. The azircraft fziled the positive stavility
requirezencs of para 12.3.3.1i.3 of the PIDS im that at light
weight/aft cg the longitudinal static stabtility ia the IR? clizb
conditica vas neutral.

STATIC LATERAL-DIRECTONAL STABILITY

16. Static lateral-directionazl stabiiity characteristics were
evaluated at <the conditions and configurations indicareé in
table 1. Tests were conducted by trimming the zircvaft ia bail-

X - centered fiight at the desired conditions. With the collectiv-
h fixed, the aircraft was thea stabilized at iacrzzental sideslip
¢ angles up to linit sideslip 5n both sides of triz while —aintaining
@ ’ a steady heading at the tri=m airspeed. Test results are preseated

in figeres 27 through 30, appeandix E.

i7. Stztic directional stability, as indicateé by the variation
of directional <conttcl posirion with sideslip, was positive
(increasing 1eft 4dirscticnal control with increasing right

1
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sideslip) at =211 test conditions =zad coefiguratiors. The
directional control variation with sideslip was essentially
linear; however, the average dircectional control gradleat was
shallover during descents than during climbs (0.05 versus
0.07 inches/degree). The directional stability characteristics
of the UH-60A cet the requirements of the PIDS (para 10.3.4.1.7)
and are satisfactory.

18. Dihedra) effect, as indicated by the variation of 1ateral
control position with sideslip was positive (increasing right
cvelic control with increasing right sideslip) and essentially
linear for all test conditions amd configuration.. The gradient
of lateral cyclic control position versus sideslip was steeper
at high speeds (121 and 141 KCAS) tnan at the other coanditions,
but was not objectionable. There were no 3discoatinuties in
forc» or position cues and 2ocd out—of-trim cucs were present.
The dihedral effect of the UH-60A =met the require=eats of the
PIDS (para 10.3.4.1.7) and is satisfactory-

19. Sideforce characteristics, as indicated by the variztion in
bank angle with sidelip, were weak but positive (iacreasing right
bank angle with increasing right sidesliip) for 21l low speed (76
to 83 XCAS) conditions and coafigurations tested. Because of
the controi position and force cues, the reduced sideforce cues
did not significantly increase the pilot workload. As airspeed was
increased to5 121 and 1541 KCAS, the sideforce cues increased. The
sideforce cues, though weak at low aitrspeeds, were satisfactory
and zeet the reguirezeats of paragraph 16.3.5.1.7 of the FIDS.

20. A pitch—due-to-sideslip coupling was evident im ali conditions
and configurations- In all conditions, except high speed
(151 XC&S), the lopgirudinal cyclic position versus sidesiip
trend was essentially the saze (increasing forwaré loangitudinal
cyciic control} with increasing tight sidesiip). In high speed
flight. thies trend rteversed itself (increazsing aft loangitudinal
cyclic control with increased right sideslip), but was not noted
by the pilots during flight. The pitch—due—to—sideslip coupliing
was not objectionabdle.

21. The Uli-60a exhibited inhereat sideslip angles of approximately
5 degrees tright duriag ball-centered IXR?P clizbs znd approxizately
5 degrees left during bdall-centered 1000 fpz descents. In level
fiight at ail zirspeeds above S0 XTAS, the inhereant sideslip
angle varieé iroa 1 degree left to 2 degrees right sideslip
depending upon Cr.
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Haneuvering Stability

22. Maneuvering stability was evaluated for twc aircreft corfig
urations, lightweight/aft cg and heavyweightfsit g =zt the
conditions presenteé in table 1. The m=areuvaring s-ab.licy
tests were accocplished by iaitially stabilizisyg c>2 heliconter
in bail-ceatered 1level flight at the tria airspeesd (il flwez
iacrenentally increasing the load factor by incresasiug the tank
angies in left and right turas- Consfzat coliective cfmrd?t
position was =aiatainmed in the =zrneuvers aznd f*e pilect sactezslea
to =aintain a coastant airspeed. Test resvlis ate preseatad .
figures 31 and 32, appendix E.

23. The stick-{fixed m2necvering stabiii.r, 2: irndicateé oy the
variation of loagitudinal coatrol pisitisa witl 20021 3cccarTa-
tion (g), in the ligntweight configuraticn waz positiv: {imcreis-
ing aft ¢yclic control with iacreasing g) u: fo 1.6 g ar 7v XCAS
zné essentially neutral for all g ievels ac isl ¥Ci3 (..;ap"nv- sate
mazizuz airspeed in ievel fiight). Bezween 1.6 en2 1 9 3's ac
7 KCAS the stick-fixed maneuvering stalility was rec.rai {n2
change in longitudizal control positien witn iacrzasing 4j.
Buriag left turns at both trizm airspreds, there aos z linear
reguirezeat for —ore left cyclic conticl as the g ieveis Tzre
increased. In rignt turas the lateral toantrol pu.itice wa: essen-
tiz2liy constaant up to 1.6 g's. At g levels zhova 1.6 isr botr
zirspeeds in rTight turns, the 1tecguirexent for 11ght <cyeliac
coarrol increased drazatically (approximat--ly 2.5 Inchesfg) azd
as a rasulr pilet induced oscillations inciezsed sigaificantiy.

25. The heavywa2ight coafigurarion at 77 XCAS exkibitced iongitic.p—
al contrel characteristics similar to fie xightweigh: coniizur—
ation 2zcept that the stick-fized maneuverimg stztiliiy becane
negative {increasing forward longituadinal cyclic ecwtvol =itl
increasing g) =2t 1.5 g's. Ar 107 XCaS {approxioate never-exic=ed
airspeed =inus 10 kaots), the stick—-fized canevverieg statility
was esseatiaily neutral during left turas and siightly positive
duriag vight terns up to the mexicum g lavel resteé {1.7g3. “u
left turas at both triz airspeeds, the lateral c,cl:c coantrdil
characteristics were unchanged froz those sean ia th: tightweight
configuration. During right turas the latersl cvclics coa:roi
reversal occurred at approximately 1.5 g¥s anc the coairol gradi-
ant at 107 KCAS increased to 3 iaches/g.

25. The zgicme histories presented in figtres 33 chrough 35,
appendix E a Tepresentative of the maneuverizg stability tests
peviorzed dur g this ewvaluation. At 3Baax anglas lass than
&0 degrees (fig. 33), rthe pilect was adle ¢ =ai=lzin pracice
airspeeds (#1 xnot) 2and bank angles {#1 degree) with =ininrl
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pilol compeasatias (HQRS 3). 4 pzak sagles were iacreaseé above
40 ?-rrees, piltut workicad ’

oaiy be meintaized withi 5 kasts, “ank angle withia 4 degrees,
an’ plich: z2r2inndde within S m27ees at heth todny irspecds dariap
exozution of the pancuvei:ng stability tests (Figs. 3% zad 35).
The Zougitudiwa:l cycl’c cosirol fo- e never berase 2 pesh ferce,
how~ver, the raductior 4f the puli Farecz2 was r2zeivabie aad
fha Teducei coatrel force cads degraged the UH-€on’s Fiyiag
quaiities. Nanduve its

spove 1.6 wiil DHocoze 3ows significan® wilh ihe adveac gf hetizep—
ter aic-to~air missions ang varjous evasiv2 nane:=vers, Zffective—

toes

=e53 of the UR-50. zo perform e miss,oas will T2 limirec dre

la}

to the degraded mon-uvering stabilizy ~haractariscies  zbove
1.4 g's. he Zaceuvering sizbility ¢ tha (HI-504 fa:ied ro zeet
the reguiremeat= of raragrapus 1I.3.3.1.5 2né 16.3.3.:.5.1 of ‘he
FIDS 5 rhat <l UB-9~ does aot eshibic pesitive crick-fixed

or stick-frpe cmazegveriag s:-apility in stezd; taraiag Ilight.

A1 i
lamuts vhecr were held for uporexiscstely
re ro2 sr23dy heali.p sid-sifps du

civectiraal tests. The loagiiudéinal lusg-iters resnonse was
quaiitatively svalaated dvriag other Tosts ad i metasrelogicsi
congit

i9as ranging fro= cain te moderate turi leace 4s Zefiacd
i

27. The suort-term vesraxse of tks zirerzfs with ATCS O was
heevily damprd, 4s zhowa in ifgures 36 throush 35, apo~ndix L.
Singzie 2xis disturbazces (o i axes were dasp to ore—half
zz=pliteds withir an2 cycie. Twe piluf was able .o coirec” for
aTtisuds -listerbaa-es o3 lovzd fiight ance ia hover with miaimeid
centval fapris {BIS 2}. The <hori-ters resstase will. AFCS 6F
=at the requieneal of tne PIDS aad *s satistaTrory.

2%, The Igng—rerm TesSpOnse wWi.l~ ATCS OF was nol excited dv normu:l
=iz isa Pzaewvess o furhu.onr fiight coad:iwns. Tue alrcral:
=aintzined zttitude (FZ degi. headiaz {32 d23), a2 airspees
{+2 zacr-) during Tlands off” fiight for exterded peri-ds of
tive fuver ! miauze) in light to moderzie turbuleare. Other than
ser=al iraasienl altistude fliuczaaticns, attitude and zirspeed in
cuise iight reguiseé =izizzl o, a6 pilot cextral inputs

=S The *ong-ter: response with AFCS OX oot the recuiresment
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figure 39, appeadix E. Flight ia tighl to moderate *urbulence aiso
erhibited 2 da=zped lsteral-directional respoase which :rgufred
a> pilot co=persation. Thz Irieral-directioaal gust respoate
with AFTS ON =me:f the rcguire=ent of the FILS and is satisfactors.

32, Acdversef/oprovorse yaw was icperceptiblz to the pilot during
rapid cyclic only turas. Xo directional pedal inpult was required
to bank the helicepter iato a tura. The adverse/proverse yaw
characteristics met the vesuiremeats of the PINS {paras 10.3.4.1.8
aad 10.3.5.1.9) and are sstisfactory.

Coatrollabiiicy

31. Coatrollability tests werl coaducted in hover a2ad forward
Flight =. light aad heavy gross weights at an aft cg at the
coaditions listed ia tezble i. Controllability was measured as a
fuictica of aircraft attitude dosp:iacemeat ia a2 given tice
{control power), angular rare {ccatrol respoase), aad aagular
acceleration (coxtrol seasitiviry) abousr ea k  aircraft axi
“ollowing a coatrol input (step) of a measured size. Folilowing
the *aput, aa atteapt was made to held coatrols fixed uati! a
@max.zun rate was established or uatil recovery was aecessarye.
Tie magaitude of the iaputs was varied by using an adiustable
rigid conirol fixture.

3Z. Leagitudinal ceatrellability characteristics are preseated in
figures &N chrougn 42, appeandix E 3ad in table 2. Represeatative
size histories of step iaputls arz preseated ia figures 43 through
45. The eagaituvde of coatros power azd coatrol respoase éié aot
change acpreciably witn chadge iux airspeed, gross uweighec, or
direczica of iaput. Coatrol sensitivity iacreased with iacreased
ai-speed, especially zbove approximately £3 KCAS. At heavy weight
ia forward fliight, the Stebility Augmeatation Svstex (SAS) becamm
saturated a2fter iaputs of greater thaa oae iach ia eitier direc—
tica resuiring 1a za increase i pitch rate deriag the =aneuver
{figs. &5 aad 43;. Eowever, ths iacivased pitch rate was aof
;oticeadae v obdjectionabie to the pilot unless the iaput was

-—

Gel2 for seversl secoads. Tuis effect was %ot observed =zt 1ight
gross weizh%. Control coepling was impercepiidble i the loagizu-
dinai axis. Crick and precise attiitnude adjusi=eats reqGguired 1a
high speed iow level flight were easily accomplished by the pilo:.
The loagitudiaal coatregiiabiiity met the lizearity requirermeats
of patagraph 10.3.3.5.1 of the PIDS and is satisfztiory.

33. Lateral coairollability characteristics are preseateéd In
figures %6 cthrough 58, appendix € and in table 3. Kepreseatative
time histories are presented ia figures $9 and 5G. Coatroi power
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and coatrel respoasc generated fros lefr faputs were {adepeadeat
of changes in airspred and gross weight. ight iaputs resuited
in gqual or lewer =agnirudes of coatrol Bower, respoase, aad
seasitivity when coopared to iefr ijaputs except 2t lightweight
(16,600 1b) and high airspeed (141 ¥CAS). There was no perceptibie
vew or pitch coupling with iaterai iaputs. Tiwme histories of
lateral step iaputs depict roll rate peaking in less thaa
1/2 seccnd and then decreasing in =agairude about 50 percent
approximately 2 secdnds after achievisg saxizum roll rate
{figs. 49 azi 50}. This decrease in rell rate was aot objectica-
able to the pilot. Precise bazk angies {+2 deg) could be guickly
coz=aadecd Guriag =2ii ph ses of maneuvering flight with no teadea-
cies o overceatrol {HCRS 3. Koted zs a shortcozmiag in USAAEFA
Reporz No. 77-17 {ref 10, 2pp A), latera! controllsbility charac-

Teristics met the vrecuirements of paragraphs 10.3.5.2.5 aad
19.3.8.2.7 of the PIDS and were considered satisfactory duriag
this evaluarioa.

34, Direcrional controllability is presented in figures 51 through
33, appendix £ and ia tadle &. Represeatstive time histories of
directionai step inputs zre preseatad in figures 34 and 55.
Ceazr0i pover decreased slighsly with iacreased airspeed. The
variztior i2 tae magaitude of contrel response was similar to
that of control pewer excepr that a2t 5 hover maxizuz yaw rate was

act achieved before racovery. Conirol seasitivity varied with
. N

dirzctica of input =zt 3 hover bur was iadependext of direction,
a2irspes

&, and gross weight ix forward fiight. ¥ost 21! direcrional
i i

contreiiability was affected by zn waninteanticnal iaterad coatrei
iaput varying from 1f& te 274 iachk wizthia 1/2 secoad of the
directional input. This characteristic has beoen documeated in
three Black Hxeks (proto tyee, first and sixch year productisa} and
ailexpis ro aegate this inpur ware uasuccessfzl. Ia bhover and

forward flight at approxisately 88 XCAS zt heavy and light gross
wrights, the uawanled lateral iaput was to the right for aii
direciional iapurs. t the hipher zirsnseds, the iatera! input
was ian the opposite directica to that of the directicaal iaput
{figs. 3% zad 53). This varizrtisn iz directica of lateral iaput
can be detected iIs the dire=crionail controiiadility results as =
differeace ia the magaizude of contrs! power aad ceatrol respoase.
iaterai inputs in the sane direction as direczicasl iasuts teaded
In generate Zrealer contrel coffectiveness. This differeace was
aet anticeable o the pilet. Durine precision hoveriag =2ad fow
spead tasks, the pilot was able to obiais azd =maiataia  vaw
atgitude (‘3 degrees}  with =iaizai pilot ceapeasation (10RS
3}. The Tactional coatreiiabijiry t}:arac‘e.—asvcs =2t the

re-:.:uirezeats of paragraghs 18,.3.4.i.5 a2ad i$.3.2.2.3 of cthe PIBS
and are satisfacrory,
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Low Speed Flight Characteristics

35. The low speed flient characteristics of the UN-60A were
evaluated at the coaditioas ia table 1 to determine coatrol
margias and handling qualities. Testing was performed at speeds
up to z2pproximately 35 KTAS in rearward and right sideward flight
utilizicg a grouand pace vehicle as a speed refereace. The heli-
copter was flowa ia—ground effect at a wheei height of approxi-
=ately 25 feet. The low speed flight test data are preseanted iz
figures 56 aand 57, appeadix E.

36. The variation of lateral cyclic coatrol position duriag right
sideward flight was coaveaticnal (iacreasiag right lateral cyclic
coatrol with iacreasiag tig*t sideward airspeed). As the right
sideward flight speed was increased, more forward longitudinal
cyclic coatrol was reguired. Thare was a total! change of
1.5 iaches of Icngitudiael cvclic coatrol over the speed vange
tesnted. Adequate =margias remained for all flight coatrols.
Flight coatro!l treads wervre nearly liaear aad oaly =minizmal pilet
compeasation was required to =aiatain headiag withia #1 degree.
The low speed {flight characteristics ia right sideward flight
resnined esseatizlly uachaaged from previous evaluatioas aad zre
satisfactory.

37. Duriag rearward flight, the M-60A exhiditad a slightly
positive coatrol position gradieat (iacreasiag aft loagitudizal
cyclic centrol with iacreasing rearward airspeed). This shallew
gradieat, which resulted iz limired flight conirol positioa and
force cues, did =not adversely effect the pilot’s ability to
coattol the helicopter because of adequate ocutside visual cues.
As rearward airspeed increased. lsteral cvelic coazrol changes of
aeariy 2 iaches were required. Adeguate ceatrol margias remziaed
iz al! f{light coatrols, however, deasity altitude was caly
2186 feet. The low speed flight characteristies ia rearward
flight remained esseatially unchanged fron previous evaluatioas
aad are satisfactory.

Aircraft Systea Failure

38. Aircraic systen failures were investigated 2t the ceaditioas
in tabie i. Sinulated faiiures ¢f the ¥o. 1 eagine 2ad simulated
hardovers of the Xo. 1 aad No. 2 SAS, Flight Path Stabilizatiox
{FPS)}, PBa, aad stabilator systens were cesducted.

Sirmulated Eacize Failures:

39. Suddea single eagiae failure frem duai eagine flight was
sizulaled By rapidly retardiag the No. 1 eagiane power coatrel
fever 1o the idle stop. The aircraft respoase was evaluated
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duriag level flight at lightweight/aft cg (approximately
16,300 1b/365.6 inches) at airspeeds of 75 and 143 KCAS. Flight
coatrols were held fixed followiag the power ioss for approxi-
mately 2 secoads or uatil excessive aircraft aagular rates were
reached. Represeatative time histories of simulated siagle
eagiane failures are preseated ia figures 58 and 59, appendix E.

30. Aircraft respoase to a sudden single—eagine failure from
stabilized dual-eangine 1level flight was nmild. at 143 KCAS
(fig. 58, app E) the primary reaction of the aircraft was a
5 degree left yaw, a 5 degree left roll, and a very slight aose—
dowa pitch. The primary cockpit indicatioas of a single-eagiae
failure were reductioa of power turbine speed iato the red zone,
reduction of torque, aad rotor droop beiow 95 perceat rpm activat—
ing the aural waraiang system. At this airspeed, pilot cues were
adequate for timely -corrective actioa. No wuausual or rapid
coatrol appiication was necessary except an 8 perceat reduction
in collective was required after rotor speed decayed telow the
waraiag linit value of 95 perceat. The aircraft reactioa at
75 KCAS (fig. 59) was a slight perturbatioa ia pitch, roll, yaw,
and rotor speed with no coliective reduction required. At lower
airspeed/power settiags, the response cues were very mild and the
eagine cut aural waraing systen (activated at 55 perceat eagiae
gas generator speed) would be the major cue of eagine failure.
The siagle—engine failure characteristics from dual-eagine
flight are satisfactory.

Automatic Flight Coatrol Systea Failures:

4i. Siagie axis SAS hardovers ia all axes aad nose—up PBA hard-
overs were coaducted ia forward rlight at 75 and 1545 kaots iadica—
ted airspeed (KIAS) oa the ship airspeed systes at light weight/
aft cg. No. 1 and No. 2 SAS hardovers in all three axes resuited
in nild attitude chaages which were easily cospeasated for by
the pilot. Hardcver failure in the loagitudiazl axis resulted
ia a maxime= pitck attitude chasge of 15 degrees aose-up ia
approxinately 3 secoads at 145 KIAS. 1Ia the rolli axis, $aS
hardovers resulted ia =meximu= roli rates of approximately 5
degrees/second geaerating stabiifized bank angles cof 0 to 1S
degrees. Directional hardovers caused headiag changes of 2 degrees
(at 75 KIAS) to 4 degrees (at 145 KIAS). Yo perceivable differ-
eaces ia handliag characteristics were aoted betweea failures
of the No. 1 and No. 2 SAS systems. XNose-up failure of the PBA
resuvited ia illumination of the PITCH BIAS FAIL cautioa :ight in
conjunction with a very miléd pitch attitude change of approximate-
iv 5 degrees. The single axis hardover characteristics of the
SAS and PBA systems 208t the reguirements of the PIDS and are

satisfactory.
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424 The ‘”PS systéa: fallures were evaiuated at 75 aad 145 KIAS in
ievel - fdg‘h.. by switchmg ‘off the FPS s-.r:tch on t-., AFCS ,)a'!el.
Ia audit.-é'l, the FrS’ systém was evaluited ia co13u1ct.1o1 with
other na—:dnqg qua!itus ‘tests. T'ne diséagagement of tiwe FPS
swz.tch Yesinited ia illumination of the MASTER CAUTION, FLT PATH
STAB, a'v’ TRIH FAIL cauvtios hghts ia addit:xon to -loss of attitude
aand a1rspec-d ho.ld "u‘xctlo'ls. ¥No uausuzal attizude chaz i‘ge or rate
bottdup cccurred subsequeat to FrS failure aad met th: requiremeat
of tha PIDS. However, diring coatrollabiiity tests it was naoted
that forward loagitudinal iaputs greater thaz 1/2 iach coasistent—
1y caused failure of thé FPS system which required resettr!g tlle
MASTER CAUTION, FPS, and ‘TRIM switches. This characteristic
would causé failure of tne FPS systea duricg %p-of—the-earth
aad =aneuveriag £light aad is aa aaaoying distraction which wii
incréase crew workioad. The coasisteat failiire of t!'e FPS dunqg
forward lo..gxtx.dmal iaputs greater thaa 1/2 iach is a short-
ccaing. The adbove s‘xortcoal'lg appears similar to tfie shortcomiag !
previously reported ia GSAAEFA Report No. 77-17 (ref 10, app R). .

53, Stabilator TE up (TEUP) hardover faifures were tested ia -
level flight at 75 aad 145 KIAS. The failure was cosducted
through the hardover box installed in the AFCS s¥stem Zad resulted
in the stabiiator =cviag nearly 5 degrees TEUP within 2 secoads.
Following the hardover, an attespt was made to hold coatrels
fixedes A represeatative time history is preseated ia figure 60,
appeadix E. At 145 XIAS, stabilator TELP hardover failw res
reculted in a =oderate aosé-up nitch of approxizately i0 degrees
from triz with a =aximun ncse-up pitch rate of about 3 degrees/
second. Ten secoads after the failure was initiated, airspeed
decayed appro:i::atelji 12 knots and tie aircraft gained 200 ft ia
altitude. At 70 XiAS, the aircraft reactisn was slightly wmore
aild. The relatively "=iid resctions of the aircraft withia the
aivspeed range tested to a TEUP stabilatef hardover would be
easily tecoznzed by the piist and require rinimal cofpeasatien
to waintain desired sirspeed and altitude {HGRS 3). The stabijator
TEUP hardover characteristics are satisfactory.

VIBRATION (HARACTERISTICS

45, Vibrstion characteristics were gqualitatively aovaleated
throughout the test program asdé cuantitatively evaluated at the
condiciane listed in tabie 1, Vibration accelierometers were
installed at the aireraft cg, the pilot's seat, aad the pilot's
£lgor {apn C). Main rotor har=msnics of ifrev, d/rev aad 8frev
are presented ia Tigures 61 through 72, appendix E.

45. The ljrev vibrartory acceleraticns were simifar st ail cthe
statioas aad ali axes. Neither chaage in gross weight aor cop
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location changed the amplitiide of the l/rev vibratory accelera- :
tioas Sigaificantly. The Eighest l!re? vibratory .accelerations
(.02 co .03 g's 's). were geaerahy observed. ia the vertical a-xd

lateral axes.. The l/rev vibfatina characteristics met the PiD
recuireseats aad grq sat1sfactoty.

46.. Tke 4/xév: late"al vibratory acceleratioas .measured at the
p' lot seat were h:.ghes: (appron-ate;y 0.2 to. 0.4 g) at airspeeds
iess ‘than 80 KCAS iz the aft c¢g coafiguratioas. The lateral
4jrev vibratery -accelerations wnessured at the pllot s floov
iacreased ia a -~litude (appro*lnate.} 0.15 to 0.30 g} as .did the
puo: seat at sisilar rest conévlons. The 4lzev vibratisa
characteristics appeared 11depe‘1de1t of c'hange in gross uezght.
Roth the p-lot: s .seat ::nd floor latéral vibratiO‘! a’:arac"eneucs,
failed to meet. tbe reqmrene—:ts of paragraph 3.2.1.1.3.1.4 of
the PiDS ia that the a-pli:udes ‘were greater than 0. 15 £+ General-
iy, tke +Ire-: vibrato‘y acczieratioas. measured. at the floor aear
the au'craft -CE ‘were iower - thaa -those neasured at the -other two :
dozazioas. The highest amplitudes (appron-ate}.y 0:15 to 6.30 g) :
were u.,uaxlv at airsnezds aear %5 KCAS 1a: thd vertical aad -loasi-

tudinal axes, The vettical aad lo1gitud*aai cE ‘llbta"].O’l charac-— .
teristics failad to meer the reqnu‘e-e'ltc of paragtaph 3.2 1.1. .
S.i.4 &f the PIDS ia that the aapiitudes were .greater thaa

0.15 g's at 4% I(CAa. The 4/rev vibratioa characteristics were - R
aggtava"e& ‘by aft movemeat of the cg. The excessne !ulrev vibra-

tions remain a shortcoang that should have 2 high pnonty for

corfection aad have béea docusented in several previous USAAEFA

reporss.

£7, The BIrev vibratcry acceleradioas were generally 11depe'|de':t
of cthaiges ix gross veight aad cg. The pilot seat 8/rev vibratory
characteristics were rmreased in amplitude whea compared to tk2
other txo fiour locat:.o'ls, especially ia the Ilateral axis.
Azplitudes up to 0.3% g, the specificatioa limit, were neasured
in the lateral axis at 45 KCAS. The 8/rev vibration characteri-
sticé met the PID3 requirements and are satisfactory.

ATRSPEED CALYBRATIOR

48. Tre standard ship airspeed system incorporated changes
devuloped during USAAEFA Proiect ¥o. 8209 (ref 3, app A) aad is
similar te the curreat production =ystem. Caiibrations geaerated
duriag USAAEFA Project No. 82-09 were verified through use of a
calibrated T-28 pace aircraft and a calibrated trailiag bosb, and
subsequeatly used as & basis in this evaluatioa. A asrmalized
curve of tne foiward aad aft cg calibratioas depictiag chip
airspeed cystem position error ia level flight was geaerated aad
is preseated ia figure 73, appeadix E.
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GENERAL

49, Based oa thi$ evaluation, the followiag coaclisioas were
teached about the -.expaided-gross wéight aad ceater of grav:lty (cg):
edvelopé of the UH=60A ia the aormal utllity coaf 1gurat101..

a. Eqnzvale1t flat plate area was miaioum with. ‘the cg at’

fuselage station ‘FS) of appronnately 360 and. iacreased at a
fote Fotward aad aft cg tested (FS 347.1 aad i'-.7).

b. Generally, 4~per-rotor-revolution  (4/rév) vibratiea
charactéeristics were u1affec..ed by iac¢reasing gross weight but
wére aggravated by moviag ‘the 191g1;ud11al cg aft.

€. Oae-defiéieacy, three shortcom':gs aad three speclficano'l
1o1coaplia'|ce< were- foted;. of which, one 'shortcoaiag was associ—
ated with e'r:elope expansm‘l, and oae previously aoted shottconng
was, nade ‘worse due to- eavelope expaasioa.

3., Except for the shcrtconmg pertaiaiag to aeutral stick-
f1xed ioagitudmal stab:.hty ia mtetnediate rated power {IRP)

clizh, the handh‘:g ‘qualities were essen;iauy uachaaged from.

thosé previously reported.

DEFXCIENCY

50. ‘Thz uncommaaded directional coatrol iaput ia trimeed forward
flight i§ a deficieacy, uarelated to the expaaded groes< weight

aad ¢g eavelope, that was ideatifiéd duriag a previous evaluatioa

aad still exists (para 12).

GFO‘I"'C@*"’ GS

Si. The foilowing shortcomings sere identified and are listed ia
decreasing order of imporlance.

a. The excessive &/rev vibratioas during certaia flight
condizioas (para 467.* ¥

b. The aeutrai stick-fixed static loagitudiaal stability ia
2 lignt gross weight 2ad aft cg ccafiguration at IRP ia climb
{para 15). #

*Roported duriag previous evaluation
2Asso0ciated with eavelope expaasion
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‘ Cé me cons1stent fallure ot‘ the fhgh" pat:h stabxhzauom
‘systeu d.xring Ton qtudinal inpats gteater th;-n lIZ iach
(para 42).*

s“iis“(:rr‘léaﬁdﬁ wacoum.mwcss

" ’52; The ‘UN-60A belicop"ot failéd to meet the following require-
‘neats of the PIDS.

a. Paragraph 3:2.1.1.3:1.4. = The &/rev vibratioa lévels
o during certaia’ fth: coa(hno'xs ‘exceeded: the requirex2ats; of this
.- paragraph (para 46).*

b Paragtaph 10.3.3.1. 3 = 'i'he lo1g1tudlaal -$tatie stab111ty S
1is -aeutral instead -of pos:.tive at 14& KCAS ia level flight and
ia IRP c.h..bs at light gross welght aad aft cf (paras 14 aad 15).#

Co Para(.raph 10 3 3.1.4 = The naaeuvenag s;ablhty i$ ‘mot

rosune st1ck—f1xed or suck—free at all ‘bank aisgles duriag
steady turaiag flight (para 25).*

*Reported duriag previous evaluatioa
FAssociated with eavelope expaasion
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'RECOMMENDATION

'53.- The def:.ciency and shortconings reported in patagtaphs 50 and
51 should ‘be. corrected. ’
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APPENDIX B. AIRCRAFT DESCRIPTICN

GEXERAL

i. The Sikorsky Un-60A (Biack Hawk) is a twin turbine englane,
siagle =ain rotor helicopter capable of traansporting 1! cozbat
troops plus a crew of three. It is eguipped with 3 nonretract-
able coaventional wheel—-type landing gear. A uovable horizontal
stavilator is loczted on the lower portion of the tail rotor
pyion. The =ain and tail rotors are both four-biaded with a
capzdility of manuval =2in rotor blade and tail pylon folding-
The cross—bazan tail votor with cozposite blades is attached to
the right side of che pylon and is canted 20 degrees upward fro=
the horizomtal. A cozplete description of the aircraft is
contaired ia the cperstor's manual (ref 4, app A) and the aircraft
general information =armzl (ref 1%). The proposed expansion of
the gross weight anéd center of gravity envelope is shown in
figure 1.

£XGINES

2. The pricary power plaats fer the UGH—66GA helicopter are Gemeral
Electric T700-GE-700 froat drive zurboshafr eagires, each rated at
i553 shaft horsepower (SHP) {30 minute limit) at a power turbine
speed of 20,900 revolotions per =inute {rp=) (sea levei, siandard
dsy installed). The engines are wounted in n2celles oa either
side of the =zia traaszission. Ezch engine has four modules:
cold section, hot section, power turbine section, and accessory
section. Design features include an axial-centrifugal flow com—
pressor, a through—-flow cozbustor, a two-stage uncooled high pres—
sure gas gensrator turbine, a two-stage uncocled power turbine,
aad seif contaiced iubrication and electrical systems. Pertineat
engine data are showa belecw.

Hodel

Type
Rated power

700—-GE-700

urboshait

553 SHP installed at sea level,
standard—-day static conditioss
3t 20,900 rp=

»]

pod o]

Cozpressor Five axial stages, 1 ceatrifugal
stage

Cozbustion chacber Single annular chazber with axial
flow

Gas generator stages

Power turbine stages

Direction of eagins
rotatica (aft looking fwd) Clockwise

[N

Yeight (dry) %15 pounds max

Leagth &7 in.

¥axizun diaceter 25 in.

fuel 4IL-T-362% grade JP-% or J°-5
25
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BASIC ATRCRAFT INFORMATION

3. Geaeral data of the UYH-60A heliccprer are as follows:

Gross Weight

Maxi=u= alternate gross weight*

Ecpty weight
Prizary Mission gross seight

Fuel capacity (seasured)

26,25 pounds
Approximately 183,620 pounds
16,260 pcunds

360 gallons

*See figure 1 for current and proposed gross weight and center

of gravity information
Main Rotor

Nuzber of blades

B153e chord

Slade twist

4
332 {c, 8 in.
1.73/1.75 £t

~18 deg (equivaler- .

Biade tip sweep 20 gdeg aft
BlaGe area (one blade) 56.7 sq ft
Airfoil

section (root to tip designation) SC1095/SC1095R8

thickness {percent chord)
¥aia rotor =ast tilt (forward)
Tail Rotor
Xuxber of dlades
Diaceter
Blade chord

Blade twist (eguivalea:z 1linear)
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Blade area (one dlade) 4.6 sq ft

Airfoil
section (reet to tip designation) SC1G95/SC1095RE
thickaess {perceat chordj S.5 percent
Caat angle 20 deg

Gear Ratios

Main Transsission Input RP¥  Output Xi¥  Ratio  (Teeth)
Input bevel 20,9G0.0 5747.5% 3.6364 (80/22)
Main bevel 5747.5 3206.2 a.7657  (81/17)
Planetary 1203 257.9 5.6774 (228 + 62)

62
Tail takeofi i206.3 31i3.3 0.2931 {34/116)
Accessory bevel
{gererator) 5747.5 11,805.7 0.4868 (37/73)

ACL2SSOYY Spur
(hydraclics) 11,805.7 7186.1 1.6529  (92/756)

Intersediate

Gearbox 4i15.5 3318.9 1.2500 (31/25)

Tail Gearbox 3318.9 1189.8 2.7895 (53/19)

Dverall

Engine to maia 2g,5600.Q 257.9 $1.C419
Totor

Engire to tail 20,909.0 1i89.8 17.3658
rotor

Tail rotor to 1189.8 257.9 5.6136

2aia rotor

AIRSPEED/STABILATOR XODIFICATIONS

4. The airspeed/stabilator systex on the test azircraft included
five nodifications from the original production aircraft in an
attespt to eliminate pitch oscillations during takeoff, isprove
cli=b handling qualities, and reduce large position error during
various airspeed regimes. Three changes were incorporated in the
pitot-static pressure systems and two changes were electrical
circuit wodifications to the stabilatcr azplifiers in the stabil-
ator systen. Major features of this sysieas are described in
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detail in the Preliainary Afruorthiress Evaluation of UH-60A with
an Improved Airspeed Systea, USRAEF2Z Report No. 82-£5, (ref 3,
app A)-
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APPENDIX C. iINSTRUMENTATION

GENERAL

1. The fest iastrumesitation was instailed, calibrated and main—
tained by the US Arsy Aviatioa Engineeriag Flight Activitly persea~
nel. A test airspeed bcom with swiveling pitot-static nead
comected to an airspeed indicator ané altimeter were iastalled
at the nose of the aircraf:. Eauipseat required oaly for specific
tasts was instalied when needed and is discussed iun the section
cu special equipment. Data was obtained freoa calibrateé instruzen—
taticn and displaved or recorded as indicated below.

Pilot Positica

Airspeed (boom system)
Altitude {doom system)
Altizude (radar—dual raage)*
Rate of climb*
Rotur speed (seasitive)
Eagize torquek %
Turbine Ras tecperature {Ty; 3)* **
Sugine gas geuerator speed * **
Coatrol positions

Leagitudiaal

teral

Pedal

Collective
Stabilator position
Aagle of sideslip
Center of gravity nermal acceleration
Seusitive baak augle {ceater of zravity lateral acceleration)
Eveat switch

Copilot/Engiuneer Statioan

Airspeed (ship's systen)
Altitude {ship's system)
Rotor speed*

Eagine Ttergue® %

Total air teaperature
Fuel used (totalizer}
Ballast cart positioan

*Ship's systexfano: calibrated
**3oth eagies
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Time code display
Run nuz=ber
Event switch

Digitai (PCM) Data Parameters

Airspeed (ship's systex)
Airspeed (bocm systez)
Altitude (boom system)
Altitude (ship's systenm)
Altitude (radar)
Total air temperature
Rotor speed
Engine torque**
Turbine gas temperatures (T _5)**
Engine gas generator speed**
Engine power turbine speed**
Engine fuel flow®*
Engine fuel used**
Engire fuel teamperature {at fuel used transducer)¥*
Auxiliary Power Unit (APU) fuel usad
APU fuel temperature (at fuel used transducer)
Main rotor shaft torque (3)
Y¥a2in rotor shaft bending {2)
T2i1 rotor shaft torque
Tail rotor iapress pitch
Stabilator position
Ballast cart position
Control positions
Longitudinal
Lateral
Pedal
Collective
Power available spindle position**
Stabdbility augwentation system output posirion
Longitudinal
Laterzal
irectionz2l
Control amixer input position
Longitudinal
Lateral
Directional
angle of attack
Angle of sideslip

**Both engines

=
N
i
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Aircraft attitude
Pitzh
Roll
Yaw
Aircraft angular rate
Fitch
Roll
Yaw
Linear acceieration
Cente: of gravity morcal
Center of gravity lateral
Center of zravity longitudinal
Time of daz
Run nuaber
Data status words
Pilot event
Engineer event

Analog (¥M) Data Paraseters

Vibration
Pilet ceat vertical
Pilot sear lateral
Pilot seat longitudircal
Center cof gravity vertica:
Center cf gravity lateral
Center of gravity lomgitudinal
¥ilot floor vertiecal
Pilot floor laterai

Lozads
Maia rotor longitudinal star load

2. Provision was =ade for teleesetry transaission of parazeters.

AIRSPEED CALIBRATION

3. The standard ship airspeed system and test bonz aitspeed
systen were calibrated previously during USAAEFA Project XNo. 82—
09 (ref 3, app A) in level flight, climb, and autorotation. A
check of these calibrations was performed utilizing 2 calibrated
T-28 pace aircraft and a calibrated trailing bozb (fianzd pitot-—
static systez). The resultant curves depicting positicn error of
the boom airspeed systes are presented in figures 1 and 2.
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SPECIAL EQUIPMENT

Control Fixtures

4. Cyclic and pedal mechanical fixtures were utilized at the
copilot station to obtain a desired control input size about the
longitudiral, lateral, and directional axes at the pilot station.

Ground Pace Vehicle

5. A vehicle utilizing a calibrated fifth wheel to deteramine
accurate ground speed was used in conjunction with wind speed and
direction to provide a precise airspeed reference for the test
aircraft during low speed tests.

Keather Station

6. A portable weather station, consisting of an anemozeter,
sensitive tenperature gage, and barometer, was used to record
wind speed, wind direction, ambient temperature, and pressure
altitude during low speed tests.
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GENERAL

1. Perforsance data were obtiined using the basic methods
described in Army Materiel Comzand Pamphler AMCP 706-204 {ref 7,
app A). Performance testing wac condu~ted in coordinated (bali-
centered) flight. Handling gQualities data were evaluated using
standard test cetnods descrited in Naval Air Test Caenter Flight
Test Manual FTM No. 101 (xef 8).

AIRCRAFT RIGGIXG

2. A flight controls engineering rigging check was perferseéd ca
the =ain and tail rotoxs to insure cospiiance with established
limits and r.presentative handling gualitiec information. The
stabilator control systex was adjusted o ciafor= 25 close as
possible to the modified production scheduic to prevent improper
drag characteristics affecting ievel flight perforsance.

ATRCRAFT WEIGHT AND BALANCE

3. The aircrait was weighed in the instruzenteé coniigurztiox
with full oil and 3li fuel drained prier o the start of the
program. The initial weight of the aircraft was 11,289 pounds
with the longitudinal ceater of gravity {cg)} locateé at F5 331.5
with the cg of the e=pty dallast cart locared at FS 331. 1In
addition, the aircraft was weighed when configured for a test
condition outside the rhen existiag flight envelope. The fuel
cells and a2n external sight gage were alss calibrated. The
measured fuel capacity using the gravity {fveling metuod was
360 gailons. The fuel waight for each test flight was determined
prior to engine start aand after engine shutdown by using the
external sight gage to determine the volume and w=easuring the
specific gravity of the fuel. Thae calibrated cockpit fuel
totalizer indicator was used during the test and at the ead of
each test was cospared with the sight gage readings. Aircraft cg
was controlled by & woveable kallast system vhich was =manually
positioned to maintaia 2 constant cg while frel wes burned. The
coveable ballast syste= was a cart (20C0-pound cazpacity) attached
to the cabin flecor by rails and driven by an electric screw 3ack
with a total longitudinal travel ¢f 72.3 iaches.

PERFORMANCE

4. Helicopter perforsance was generalized through the use of non-
dizensional coefficients as follows using the 1568 US Standoard
Atzosphere:
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a. Coefficieat of Power (Cp):

o

T
e SE? {550)
bt Cp = (L
N -
g pA{{R)°
* b. CJoefficient of Thrust {Cq):
(e
- CT = (2)
* ‘{ﬂg)z

c. Advaaxce Ratio (u):

B= (3)

&R
Where:
SHP = Eagine cutput shaft horsepower (both)
p = ambieat air deasity {lb-sec2/ft%)
A = Haia rotor disc area = 2262 fr2
f = Maia rotor angular velociry (radians/sec)

R = Maia rotor radius = 26.833 ft

2

= Gross weicht (:b)
¥g

[}

V¢ = True airspeed (kt) =
1.687870/p,

1.6878 = Coavarsioa factor (ftfsec—k:

- P, = 0.0023769 (1b-sec’/er™)
Vg = Equivalaat airspeed (ft/sec) =
) 7(70.7262 P) [ Q. 27 1 i
I___ + 1 -1
E fo L L
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70.7262 = Coanversion factor (lb/'ftz-in.—ﬂg)

Q. = Dynazic pressure (in.-Hg)

P, = Acbient air pressure (in.-Hg)

100Z rotor speed = 257.9 revolutions per =inute (rpa)

@R = 725.69
(R)2 = 525,168.15
()3 = 380,581,411.2

5. 7dhe engine output shaft torque was determined by use of the
engine torqua sensor. The power turbine shaft contains a torque
sensor tube that wmechanically displays the total twist of the
shaft. A coacentric reference shaft is secured by a pin at the
front end of the power turbine drive shaft and is free to rotate
relazive to the power turbine drive shaft at the rear end. The
relative rotation is due to transmitted torque, and the resulting
phase angle between the reference teeth oa the two shafts is
picked up by the torque seasor. The torque seasor on both engines
was calibrated in a test cell by the engine manufacturer. The out—
put Sfroz the engine seasor was recorded on the on—board data
reccrding syste=. The output SHP was determined froz the engine’s
output shaft torque and rotational speed by the following
2quatioa.

Q(%p)
SHP = %)

5252.113

Q = Eagine output shait torgue {fr—1b)
Xp = Engine output shaft rotational speed {rp=)
$252.113 = Coaversion factor (ft-lb-rev/min-SBP)

The output SHP required was assusmed to include 13 horsepower for
davlight operatioans of the aircraft electrical systen, but was
corrected for the affects of test instrumeatation ianstallation. A
power loss of 1.32 horsepcwer was <dJetermined for electrical
operation of the instruzeatation. Reductioas i power reguired
were nade for the effect of external iastrumentation drag. This
was deterxmined by the following equation.

38




3
F, (o/p,)(V) _
SHPiastr drag = (5

96255
Where:
F, = 0.833 ft? (estizated)
26254 = Coaversioa factor {ft2-kt3/SkP)

6. Each speed power was flowa in ball-ceatered flight by refer—
eace to a seasitive lateral accelerometer at a predetermianed Cy
aad referred rotor speed (Np/fG). To =maiataia the ratic of
gross weight to pressure ratio coastaat, altitude was iacreased
as fuel was coasuzed. To maiataia .\'Rlv@— coastaat, rotor speed
was decreased as texperature decreased. Power correctioas for
rate-of—climb and acceleration were determized (whea applicable)
by the followiag eguations.

(R/Cry, )(GW)
SHPp/c = - (6)
33.000(Xp)
. /&
SHPycopL = 1-€698 x 10 (vp) (6¥) €))

&t
¥here:

3Hpy /CAT + 273.15
R/C;; = Tazpefiae rate of clizb (ft/mia) =

at /Noatg + 273.15)

Change in pressure altitude per uait time (ft/=ia)

Ale = Standard anbieat tecperature at pressure altitude

s 2
where was measured (°C)

at
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Xp = 0.76
1.6098 x 10~% = Coaversioa factor (SHP-sec/kt2-1b)

hiY
= Chaage in airspeed per uait time (kt/sec)

At

A power correctioa to iasure ball—-ceatered test dara conmplied with
the ianherent sideslip fazmily of curves depictiang the UH-6CA in
figures 16 and 17, appendix E, was determined froa A4F, as
a fuaction of sideslip angle (fig. 20) aad equatioa 5 rewrittea
as followus.

SHPg /o = (8F, 54 sls ~ ¢ 8-¢) (p/p;,) (vT3) (8)

96254
Rhere:

&Fo*jq g/c = Chaage ia equivalent flat plate area based oa
UH-60A inhereat sideslip.

&F *pg_c = Change ia equivaleat flat plate area based on
the sideslip aagle measured ia ball—ceatered
flight.

*Baseéd on chaage ia eagiae shaft horsepower.

Powar required for level flight at the test day coaditioas was
deteraiaeé usiag the followiag equation.

SHP, = SHP + SHPp/c + SHPyccgy + SHP - 1.82 (9)

sl/s ~ SWiactr drag

(35755) 75
SHP_ = SHP, 5 Js (10)
(5t}§;) NR 3
re -
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— L\ER -~
9 |s
vp =¥ L - (11)
s | A
Nz
| € |t
¥here:

Ng = Maia rotor speed (rp=)

subscript t = Test day

subscript s = Average test day

Test data corrected for rate of clizb, acceleratica, iastruzeata-—
tion iastallatioa, aad corrected to inhereat sideslip, staadard
altitude, aad asbient teeperature are preseated in figures &
through 15, appeadix E.

8. Level flight performaace was deteramined by subtractiag the
differeace in power required at Kglvfﬁ- = 258 rpa aoted in
USASEFA Report No. 83-24 (ref 9, app A) between the first aad
sixth year production aircraft ia their respective nor=al util-
ity configuratioas. Values of Cp of the sixth year U~60A
were extracted from the family of curves of Cp versus
Np/ /% for lises of coastaat Cy at iacremeats of i (ref 9)
at tre average Cp and k'glle— conditisas of the flights coaducted
duriag this evaluatioa. Power rejuired in level flight was
obtained as follows.

Cp =GCp_ I (12)
oth ¥r a/C
Khere:
aF 13
&Cp= (13)
23
3 =5 ft2 {chaage in equivalaat flat plate area

e - cqgx
between the first aad sixth year aormal utility

coafigured UH-60A helicopters; ESSS fairiags
(2.5 ££2), ¥-130 and AN/ALQ-144(¥) brackets
(1.5 fr2), exteraal drag differeaces (1 ft2))




Results of the sixth year production UH-60A carpet plot converted
to a first year at the average Np/ /8 for these tests and
extrapolated to a C; of 0.011007 are presented in figures 1
through 3, appendix E. Correlation of these curves with data
floun duriag this evaluation is depicted in figures 4 through 9.

9. Changes in the AF, due to change in aircraft cg were
calculated froz equation 13 solved for 4F,. The 4Cp is
the difference in Cp as derived from the nondizensional plots at
the normal utility forward cg configuration and the Cp for the cg
desired.

HANDLING QUALITIES

10. Coaventional test technigues were used during the conduct of
the handliang quaiities tests. All tests were conducted ia ball-
centered flight. A brief description of 3ll test techaigues are
presented in respective paragraphs of the Results and Discussion
section and detailed descriptions are contained in reference 8,
appendix A. The basis for evaluation was the Haadling Qualitites
Ratiag Scale shown in figure 1.

VIBRATION

11. Spectral plots of each vibration parazeter were generated
depicting frequencies versus single azplitude acceleration (g)-
The data were analyzed using a frequency range of zero to 5D Hz
and freguency resolution of 0.5 #¥2. 1In order to ninimize random
variation ia acceleratioa zzplitude, the data were averaged over
a2 20-second time interval. An analysis of the =ain rotor funda-
zental frecuency and it's secord, fourth, and eighth harconics
was =ade. The second harc=onic vibratory accelerations were
insignificant in cocparison to the fourtn and eighth harconics
and, therefore, rot presented.

DEFINITIOXS

12. Results were categorized as deificieacies or shortcoziags in
accordance with the following definitioas.

Deficiency: A defect or malfunction discovered during the
life crcle of an item of aquipzeat that constitutes a safety
hazard to personnel; will result in serious damage to the cquip-
zent if operatioa is continued; or indicates improper design or
other cause of failure of an itewr or part, which seriously izpairs
the equip=eat®s operational capability.
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Shortcoming: An izperfection or malfunction occurring during
the life cycle of equipment, which must be reported and which
should be corrected to increase efficiency and to render the
equipzent cosmpletely serviceable. It will not cause an immediate
breakdown, jeopardize safe operation, or =materially reduce the
usability of the materiel or end product.
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APPENDIX E. TEST DATA

INDEX

Figure

Level Flight Performance

Inherent Sideslip ]

Change in Equivclent Flat Plate Area with
Sideslip

Control Position in Tri=mmed Forward Fiight

Collective—fixed Static Longitudinal Stability

Static Lateral-Directional Stability

Maneuvering Stability

Dynanmic Stabiliry

Controliability

Low Speed Flight Characteristics

Aircraft Systexzs Failures

Vibration Characteristics

Norzalized Ship Syster Airspeed Calibraticn
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Figure No.

1 through 15
16 through 19

20
21 and 22
23 through 26
27 through 30
31 through 35
36 through 39
40 through 55
56 and 57
38 through 60
61 through 72
73
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FIGRE 73

SHIPS SYSTEM AIRSPEED CALTBRATION IN LEVEL FLIGHT
UH-B2A USA S/N 77-22716
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